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1 
The present invention relates fo means for 
distinguishing separate transmissions of radiant 
energy including means fo compare the intensi- 
fies of the identified transmissions. 
The invention comprises a system of modula- 
tion and demodulation by which separate trans- 
missions, which are distinguishable in a respect 
other than intensity, may be readily identified. 
Such a system bas many applications, such as 
in radio telemetering equipment wherein data is 
transmitted as the ratio of signal intensifieS, or 
in aircraft guidance systems of the type employ- 
ing a plurality of beams defming a path. For 
purposes of illustration, the modulationand de- 
modulation system of the invention will be de- 
scribed as adapted for use with such an aircraït 
guidance system. 
In esting aircraft guidance systems of the 
type defining a desired course for the craft, the 
transmitted energy is divided among a plurality 
of directive radiation patterns or beams which 
overlap in space, each overlap region contain- 
ing a zone of equal field intensities of two or more 
directive patterns. The transmission of each 
pattern is generally modulated in a manner 
which makes it possible fo distinguish the 
ception of energy transmitted in one beam from 
that transmitted in another beam, and to de- 
termine from which directive beam the energy of 
greater amplitude is received. In such systems, 
a receiver is carried by each craft which is to 
be navigated in reliance upon the spatial distri- 
bution of the directive beam energy. The craft 
position relative fo the directive beams may be 
indicated or automatically controlled by means 
suitably coupled fo the receiver output. 
EMsting instrument-landing systems general- 
ly employ both a glide-path transmitter and a 
localizer, or "left-right," translnitter. Each oï 
these transmitters emits divergent, over-lapping 
beams, each having a rather sha'p directivity, 
and each beam being characteristically ampli- 
tude modulated by different audio ïrequencies. 
Glide-path and loca]izer transmitters may be in- 
terchangeable with the exception that the an- 
tennas hure different directiona! characteristics. 
The use of ïrequency-selective filters and recti- 
fiers operating a galvanometer, according fo the 
relative strengths oï signals received from two 
beams oï radiant energy, each modulated at dif- 
ferent audio ïrequencies as illustrated in U, 

2 
leissue Pat. No. 22,484 in the names oï W. T. 
Cooke et al., and bas been almost universally 
adopted for visual-indication radio navigation 
systems. 
. Each oï the Sudio filters employed in the re- 
o ceiver oï Such a system is characterized by a per- 
cent transmission which is a ïunction of frequën- 
cy. Each filter s0 employed bas a large percent 
transmission ïor one of the modulation fre- 
quencies and so discriminates in its ïavor by 
l0 selectively diminishing the output intensity of 
the other ïrequency. The elective filters must 
be so designed that any possible alteration in 
the Supposediy constant modulation ïrequencies 
af the transmitter wfll not alter the relative 
15 transmission oï each filter ïor the signal which 
if is intended to pass and that signal or those 
signals which itis intended to reject. 
In the transmitters oï existing systems, audio 
amplitude modulation is ordinarily afforded by 
20 a subtractive modulator, so that the beam modun 
lation usually is provided at some sacrifice Of the 
generated power. 
The present irvention presents a novel means 
of identiïying and oï comparing the intensity of 
25 the beams, by providing a separate beam-identi- 
fication reïerence voltage, and by avoiding the 
use of separate filter channels. 
According!y, a principal object oï the inVen- 
tion is to provide new and improved means ïor 
0 modulating and demodulating transmissions of 
radiant enèrgy, thereby to identify the transmis- 
sions. 
Another object oï the invention is to provide 
means for the identification and intensity com- 
35 parison of craft guidance radio beams by which 
these operations may be performed substantial- 
]y independently of each other by avoiding the 
use of frequency selective filters. 
Another object of the invention is to provide 
40 a simple, reliable system and apparatus for the 
identification oï the directive beams and 
providing a measure oï the position oï a craft 
relative to a course defined by the beams. 
Another object of the present invention is fo 
45 provide an improved modulation system ïor ac- 
curate and eflïcient indication or control of crat 
position relative fo a pair oï radio beams. 
More specifically, itis an object o the present 
invention to provide a simple modulation means 
0 for craft guidance systems characterized by 
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ficient use of generated radio-frequency energy 
and by freedom from close tolerance require- 
ments oï the modulation ïrequency. 
The invention also relates to the novel features 
or principles oï the instrumentalities described 5 
herein, whether or hot such are used ïor the 
stated objects, or in the stated fields or combina- 
tions. 
Other objects and advantages will be apparent 
from the following description illustrative of the 10 
figures wherein: 
Fig. 1 is a schematic diagram oï one embodi- 
ment oï the transmitting means; 
Fig. 2 is a schematic block diagram of a sec- 
ond embodiment of the transmitting means; 15 
Fig. 3 shows wave ïorms illustrative of the op- 
eration of the transmitters oï Figs. 1, 2 and 4; 
Fig. 4 is a schematic block diagram of a third  
embodiment of the transmitting means; 
Fig. 5 is a schematic block diagram of an em- 20 
bodiment oï a receiver; 
Figs. 6, 7, 8 and 10 contain wave forms illus- 
trative oï the receiver of Fig. 5; and 
Fig. 9 is a schematic block diagram of an equi- 
signal indicator. 25 
Fig. 1 illustrates transmitting means which may 
be adapted for use either as a glide path or a 
localizer transmitter. It comprises a radiant en- 
ergy carrier generator J, connected to an anterma 
switch 2, which alternately cormects the carrier 30 
generator J output to antennas 3 and 4, thus 
providing two alternating beams of energy, each 
beam amplitude having substantially a square 
wave envelope, the second beam being the inverse 
of the first beam, as illustrated in Fig. 3. ;5 
In order that these two beams may be identified 
ai the receiving location, an identification refer- 
ence signal is provided by modulating a separate 
reïerence signal transmitter  and the antenna 
 2 of carrier frequency different from carrier gen- 40 
erator  in synchronism with the antenna switch- 
ing. The identification reference signal is a wave 
having one polarity when antenna 3 is connected 
fo the carrier generator J and the opposite po- 
larity when antenna 4 is cormected fo the carrier 45 
generator . 
In certain applications it may be convenient fo 
do away with the separate reference signal trans- 
mitter  and transmit the reference signal by 
modulating the separate transmissions whose in- 50 
tensity if is desired fo compare. 
Fig. 2 discloses such a transmitting means 
which is similar to that of Fig. 1 but which does 
hot have a separate reference signal transmitter. 
The reference signal, ïor example, may be trans- 55 
mitted as ïrequency-modulation of generator  
by means of modulator 5 in synchronism with the 
switching action of antenna switch 2. This car- 
rier shift ïrequency modulation wfll provide a suit- 
able modulation enve]ope which may be detected 60 
at the receiving location and utilized as an identi- 
fication reference signal. 
Fig. 4 illustrates a transmitter wherein the 
identification reference voltage modulation is 
provided by frequency modulation oï a subcarrier 65 
modulation. In this embodiment of the inven- 
tion the central carrier frequency is modulated 
by a subcam'ier, which in turn is modulated by 
the identification reference signal in synchronism 
with the antenna switching. ï0 
This embodiment comprises a carrier generator 
J which is adapted tobe modulated by modulator 
 and is also comaected to antenna switch 2 which 
alternately connects the generator output fo an- 
tennas 3 and 4. The subcarrier modulation fre- 75 

quency is provided by subcarrier oscillator 7 which 
bas a convenient frequency which may be, for 
example, 20 ki The subcarrier oscillator 7 is 
adapted tobe ïrequency modulated by reactance 
tube 8 in synchronism with the antenna switch- 
ing, by means of a permanent magnet alternat- 
ing current generator 9 which is mechanically 
connected to the antenna switch 2 by shaft 
Generator 9 provides a signal of one polarity to 
the reactance tube 8 when antenna 3 is connected 
fo the power geneïator  and a signal oï the oppo- 
site polarity when antenna 4 is connected, thereby 
shifting the impedance oï reactance tube 8 and 
the ïrequency of the subcarrier in synchronism 
with the antenna switching. This reference sig- 
nal modulation which may be a sine wave, is 
tected at the receiver where it may be used as 
a phase reÏerence voltage directly, or after con- 
versionfo a square wave. 
Thus, if is seen that the transmitter provides 
two alternating beams" oï energy and an identifi- 
cationreference voltage modulation such that 
the two beams may be distinguished at the re- 
ceiver. 
The systenoE receiver is shown Lu Fig. 5 which 
illustïates a double receiver of the required type, 
that is one which is adapted to receive trans- 
missions ïrom both a localizeï, and a glide path 
transmitter, of the type illustrated in Fig. 4 
which have different frequencies within the pass 
band oï the receiver. The transmissions are re- 
ceived on anterma 22 and herterodyned in mixer 
2 with the output of locai oscillator 2{} thereby 
producing a glide path I. F. and a localizer I. F., 
which are separately amplifie d in I. F. amplifiers 
23 and 24. 
Each I. F. amplifier output is connected to two 
demodulators, one a detector to measure .the 
amplitude of the combined R. F. envelope ïrom 
both beams, and the other a ïrequency discrimi- 
nator to produce the identification reference 
voltage, from the identification reïerence modu- 
lation.. 
teïeïring to the output of the I. F. amplifieï 
23 amplitude responsive detector 27, connected 
theret0, is adapted to produce the combined am- 
plitude envelope of both received beam signals. 
The combined beam signal input voltage to de- 
tector 2 is of the ïorm oï Fig. 6, if the craft is 
on the desired path; that is, receiving equally 
both beams from antennas 3 and 4 or of the form 
of Fig.  if the energy from antenna 3 is being 
received more strongly than the energy ïrom an- 
tenna 4. Fig. 8 shows the output of detector 
under the circumstance of Fig. 7. 
The identification reference voltage is produced 
by the I. F..discriminator 25 and the 20 kc. dis- 
criminator 2. The I. F. discriminator 25 de- 
modulates the I. F. voltage and provides a 20 kc. 
signal ïrequency modulated in synchronism with 
the antenna switching in the transmitter of Fig. 4. 
The output voltage of discriminator 2 is of the 
wave form of Fig. 10; that is, a symmetrical wave 
in synchronism with the antenna switching fre 
quency. This identification reference output volt- 
age of discriminatoï 2 is hot restricted to a sine 
wave, as shown in Fig. 10, but its form depends 
on the method oï transmitter modulation. 
These two detector output voltages, that. is, 
the amplitude envelope of the received signals 
from detector  and the identification refer- 
ence voltage from the 20 kc. discriminator 
, are combined in the phase sensitive detec: 
tor 28 which may be of the double-rectifier tYpe, 
which is well known. 



The function of the phase sensitive detector 
 is. to provide a D. C. signal voltage, the.po- 
larity of which depends on the sense of, and 
the magnitude o2 which is proportional to the 
magnitude of, the deviation of the craft from 
the path defined by the beams. The amplitude 
of the output voltage of the. phase sensitive 
tector 2 must be independent of changes in 
amplitude of the reference signal voltage, and 
directly proportional fo changes in amplitude 
of beam signal voltage. This D. C. signal volt- 
age is thon applied to a D. C., zero conter indi- 
cating meter 9. Therefore, prie pointer of the 
cross pointer meter 9 is defiected in one di- 
rection if the reception of enery from antenna 
3 is stronger and in the opposite direction when 
the reception of energy from antenna  
stronger. Th direction and magnitude of the 
craft position relative to the path defined by the 
two beams is thereby indicated. 
OEhe output signal voltaes of glide path I. F. 
amplifier  are coupled through I. F. discrim- 
inator 2 to the P0 kc. discriminator  and 
throgh detector ' to the phase detector '. 
The operations of these circuits is the Sale as 
described above, thereby energizing the other 
oointer of cross pointer meter ,9 in the di- 
rection of the glide path beam affording the 
greater reception. Different subcarrier îre- 
quencies may be t]ti!ized in the glide path and 
loca!ized frequencies. 
This receiver is responsive to the transmitter 
of .,.. 4 which is adapted to transmit a car- 
rier which is frequency modulated by a fre- 
quency modu]ated subcarrier. To demodulate 
the identification reference voltage of the sire- 
oie arrier shift transmitter of Fig. 2 would 
hot require the 20 kc. discriminator  but 
onLv the I. F. discriminator ?E 
The method of reference signal modulation 
hot limted entireiy to frequency modulation; 
for instance, frequency modu]ation of an 
p!itude modulated subç.arrier would be quite 
adequate. The signa!s used fo energize the cross 
pointer meter 2 may also be used fo actuate 
an automatic pilot for atematic craft guidance. 
Thus. itis seen that the receiver is required 
to receive both beams, separate out the iden- 
tification reference voltage _.ud using it as a 
pha.e refei'ence, compare the intensities of the 
two beanqs. A frequency discrminator serres to 
detect the identification reference voltage, and 
an amplitude detector serres fo obtain the beam 
intensity enve!oDe. 
The received beam ntensity envelope, which 
i preferab]y a square wave, reverses Dolarity 
whenever that prie of the two received bams 
which was the stronger becomes the wes.ker, as 
e'p]aned in connection with Figs. , 7 and 
This s<uare wave is an inDut to the phase sen- 
sitive detectoï whose refereuce ohase is the iden- 
tification reference voltage. The output of the 
phase sensitive detector is a D. C. voltage whose 
polarity indicates which of th two beams is the 
stronger and the maglqitt]de of which ndicates 
the magnitude of the beam inequality. 
Fig. 9 shows an. alternative indi.cating means, 
which dispenses with the phase sensitive de- 
tector 2, wherein the outputs fïom the ampli- 
tude envelope detector 2 and of the beam iden- 
tifying reference voltage discriminator 2 may 
each be fed fo one winding of a zero conter 
wattmeter indicator 31 serving in the manner 
-, a left-right indicator. 
nese two A. C. signais being of the Sale 
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frequency and being:either in phase or in in- 
verse phase with each other, the-wattmeter will 
be deflected in a direction dependent 0nlyupon 
which of the two transmitted beams is produc- 
ing greater amplitude  from the amplitude de- 
tector 2. The deflection of the wattmeter 
pointer will therefore be proportional.to the 
difference in voltage between these two portions 
of the amplitude envelope, provided only that 
the identification reference signal produced by 
discriminator 26 has been limited to a constant 
amplitude by limiter 
Thus if is seen that the received responses 
from both beams are handled by.one and the 
Sale channel, there being no separation as in 
existing systems. The received signa]s from .the 
two beams do not differ in a respect which can 
resu!t in their differential amplifi.cation hy this 
chnnel. This precludes the Passibflity, over- 
prescrit in existing systems, that a. difference in 
gain experienced by thetwo Signa!s, whose level 
is tobe compared, will result in a spurious course 
shift. Tl]e beams may be îormed by. alternately 
swLtching the Sale transmitting source from prie 
antenna to the other and therefore the inten- 
sities of the transmitted beams are equal. The 
identification reference voltage may be provided 
by modulating the transmittinç source in syn- 
chronism with the antenna switching, or by 
synchronous modu!aion of an additional trans- 
mitter. 
Three methods by which this identifi.cation 
reference voltage modulation may ,be Drovided 
are as follows: 
1. By shifting the carrier frequency of the 
transmitting source in synchronsm with the 
antenna switching. 
2. By frequency or phase modulation of a 
subcaïrier modulation in synchronism with the 
antenna switching, thus enabling the sale car- 
rier frequency fo be used ai all rimes. 
S. By amplitude or frequençy modulation of 
a separate transmitter. 
The purpose of this modulation is ultimately 
fo. provide a besm identification reference volt- 
age in thi receiver. If the transmitting source 
alternatelF connected to two antennas the identi- 
fication reference voltage requireà in the receiver 
demodulator will bea voltage havig one Dolarity 
when prie antenna besn is received and the op- 
posite polarity when the other antenna beam is 
received. 
Ai the receiving location, the beam signals are 
received, the identification reference voltse 
modulation is detected, and its envelope fed, to- 
gether with the received besn Signa!s, to a phase- 
sensitive detector, the output of which consists 
of a signal whose polarity depends on which of 
the two received beam signals is the stronger and 
@9 the magnitude of which is substantially DroDor- 
tional to the difference in their intensities. 
This method avoids difficulties inherent in the 
prior art and utilizes the equipment more fully, 
resulting in the following advantages: 
 1. In the receiver, the signals from diffeïent 
beams are amplified by the sale channel and are 
not seDarated belote their intensity is compared, 
thus s«voidLng .the possibility of tl]eir being un- 
9 eqt;ally amplified. 
2.. Full power output of the transmitter need 
not be impaired by subtractive modulating 
3. Because the transmission is hot subtractive- 
 lY modulated, it my be employed to ca'ry in- 
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telligence signais additional to the instrument 
landing signals. 
If is tobe understood that the invention is not 
limited fo a modulation system for craft guidance 
but may be used wherever itis desired to distin- 
guish the relative intensity of successively re- 
ceived signals and of distinguishing in a discrete 
manner between categories of signals, which dif- 
fer from one another in a measurable respect 
other than intensity, which respect does not 
significantly affect the sensitivity of the means 
employed for measuring the relative intensity of 
the successively received signals. 
Since many changes could be ruade in the 
above construction and manF apparently widely 
different embodiments of this invention could be 
ruade without departing from the scope thereof, 
if is intended that all marrer contained in the 
above description or shown in the accornpany- 
ing drawings shall be interpreted as illustrative 
and not in a limiting sense. 
What is claimed is: 
1. In a craft 'guidance system, means to gener- 
ate radiant energy, a plurality of radiators, 
switching means adapted to alternately connect 
said radiators to said generating means, means to 
rnodulate said antenna transmissions with an 
identification reference signal including means 
to frequency-modulate the carrier transmission 
frequencY with a subcarrier, and means fo fre- 
quency-modulate said subcarrier in synchronism 
with said antenna switching rneans. 
.. In a radio craft-guidance system, a trans- 
initier adapted to emit ai least two pulsed direc- 
tional characteristically frequency-modulated 
beams of radio energy, a receiver including fre- 
quencY modulation detecting means responsive to 
said beam modulations, amplitude detecting 
rneans responsive to said bearns, phase compati- 
son means responsive to said two detecting means 
fo identify said beams and indicating means 
sponsive to said cornparison means to indicate the 
receiver position relative fo said beams. 
3. In a radio position defining sYsteni, ïneans 
to define a desired path bY means of radio beams 
modulated with an identification reference volt- 
age, receiving means responsive to said beams 
and to said identification reference voltage to 
thereby indicate the position of said receiving 
means relative to said path, said receiving means 
including a detector and a discriminator in 
parallel. 
4. Means to generate separate beams of radiant 
energy, means to modulate said beams with an 
identification reference voltage, a receiver com- 
prising in combination detecting means respon- 
sive fo the intensity of said generated energy 
detecting means responsive to said identification 
reference voltage, means responsive to both de- 
tecting means to compare the intensity of said 
separate beams and indicating means responsive 
fo saii comparison means fo lhereby indicate the 
location of said receiving means relative to said` 
generating means. 
5. ladiant energy receiving means comprising 
a pair of frequency discriminators in series, 
plitude-responsive means in parallel with said 
frequency-discriminators, phase-sensitive means 
responsive to both said frequency-responsive 
means and said amplitude-responsive means, and 
iniicating means responsive fo said phase-sensi- 
tive means. 
6. ladiant energy receiving means comprising 
in combination carrier frequency-responsive 
means, sub-carier, frequency responsive means 

connected fo the output of said carrier frequency- 
responsive means, amplitude-responsive means, 
phase-sensitive means responsive fo said sub- 
carrier frequency-responsive means and said ara- 
5 plitude-responsive means, and, indicating means 
responsive to said phase-sensitive means. 
7. In a craft guidance system, means to gen- 
erate radiant energy, a plurality of radiators, 
switching means adapted to alternately connect 
10 said radiators to said generating means, and 
means to modulate said generated energy with 
an identification reference voltage in synchro- 
nism with said antenna switching means, and 
receiving means including detector means 
15 sponsive to said identification reference modula- 
tion and detector means responsive to the in- 
tensity of said energy. 
8. A craft instrument landing receiver respon- 
sive to two sers of characteristically frequency 
2o modulated radio beams, comprising means to dis- 
tinguish between said sers of radio beams, means 
to detect said beam intensities, frequency re- 
sponsive means to detect a beam reference signal, 
phase sensitive means fo compare the intensities 
25 of said beams relative to said reference signal, to 
thereby define the position of said receiver rela- 
tive to said beams. 
9. In a radio position defining system, means 
for transmitting energy alternately in first and 
3O second radiation directivity patterns, the trans- 
mission of energy in said first pattern being char- 
acterized by a frequency different from that of 
said second pattern, and radio receiving means 
including frequency detecting means and ampli- 
35 tude detecting means responsive to said direc- 
tivity patterns, and comparison means responsive 
to both said detecting means fo thereby define 
the position of said receiving means relative fo 
said iransmitting means. 
40 10. The method of modulating separate energy 
transmissions whereby the identification and 
tensity comparison of said transmissions may be 
ruade substantially independently of each other, 
comprising generating radiant energy frequency 
45 modulated by a subcarrier, periodically switching 
said energy into separate beams, and modulating 
said subcarrier in synchronism with said switch- 
ing. 
11. leceiving means including, means to com- 
5o pare alternately pulsed overlapping beam signals 
relative to a fn'st amplitude characteristic, and 
frequency detector means, substantially insensi- 
rive to said fn'st characteristic, to distinguish said 
discrete categories of signals with reference fo 
55 a second characteristic. 
12. In a radio craft guidance system, means fo 
transmit alternate pulses of radio energy in over- 
lapping beam patterns, means fo transmit an 
identification reference signal synchronized with 
6o said pulses, craft means fo receive said alternate- 
ly-pulsed overlapping beams, means connected to 
said receiving means to detect the combined pulse 
envelope of said received beams, identification 
means fo receive said reference signal, and means 
65 responsive to said detector and said identifica- 
tion means to compare in phase the detected com- 
bined !oulse envelope and the separately received 
identification signals to thereby deterrnine the 
craft position relative to the overlapping beam 
?0 patterns. 
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